Abstract. The singular nature of the dynamic stress fields around an interface crack located between two dissimilar isotropic linearly viscoelastic bodies is studied. A harmonic load is imposed on the surfaces of the interface crack. The dynamic stress fields around the crack are obtained by solving a set of simultaneous singular integral equations in terms of the normal and tangent crack dislocation densities. The singularity of the dynamic stress fields near the crack tips is embodied in the fundamental solutions of the singular integral equations. The investigation of the fundamental solutions indicates that the singularity and oscillation indices of the stress fields are both dependent upon the material constants and the frequency of the harmonic load. This observation is different from the well-known −1/2 oscillating singularity for elastic bi-materials. The explanation for the differences between viscoelastic and elastic bi-materials can be given by the additional viscosity mismatch in the case of viscoelastic bi-materials. As an example, the standard linear solid model of a viscoelastic material is used. The effects of the frequency and the material constants (short-term modulus, long-term modulus and relaxation time) on the singularity and the oscillation indices are studied numerically.
Introduction
The oscillating singular nature of the stress fields around the crack tips of an interface crack which is located between dissimilar elastic bi-materials and loaded by a static load has been investigated extensively by Williams (1959) , Rice and Sih (1965) , Erdogan (1965) , England (1965) , etc. It was found that the singular behavior of the stress fields remains proportional to the inverse square root of r (the radial distance from the crack tip) as in the case of homogeneous materials, but the stress fields possess an oscillatory character, i.e. σ ∼ r λ = r − 1 2 ±iε , where ε is a function of the material constants. If the materials on both sides of the interface are identical, then ε = 0, which means the characteristic parameter λ becomes real and the oscillatory nature disappears. The characteristic parameter λ of complex value, with the real part (called the singularity index) indicating the singular nature and the imaginary part (called the oscillation index) indicating the oscillatory nature of the stress fields, is completely due to the mismatch of properties of the materials across the interface of bi-materials. The oscillating singularity of stresses around the crack tip applies to the case loaded by a dynamic load as well; the stress fields around the crack tip and the crack opening displacements due to a sud- denly applied load or harmonic load have been studied by Freund (1974) , Srivastava (1978) , Kuo (1984) and Qu (1994) . However, no attempt has been made to investigate the singular nature of stresses at the crack tips of the interfacial crack between dissimilar viscoelastic bimaterials to our knowledge. Viscoelasticity is a natural framework for modeling dissipative media. The dependence of material responses on the history of loading is generally described by a Boltzmann integral with fading memory. Specially, in the case of time-harmonic load, the constitutive equations of viscoelastic materials reduce to a form which is similar to that of an elastic material, only with the real-valued moduli of an elastic material replaced by the complex-value moduli of a viscoelastic material. The complex moduli of the viscoelastic material are frequency-dependent and thus make the material responses frequency-dependent. In addition, the complex moduli lead to the phase shift between the load and the response. It is the viscosity of material that results in the different mechanical behavior between elastic and the viscoelastic materials. In the viscoelastic interfacial crack problem, the additional viscosity mismatch of materials on both sides of the interface should be taken into account
In the present paper, the influence of the mismatch of viscosity on the singular nature of dynamic stress fields at crack tips of an interfacial crack between dissimilar isotropic viscoelastic bodies loaded by a harmonic load is studied. The outline of the paper is as follows: In Section 2, the mixed boundary valued problem considered is stated. The boundary conditions of displacements and tractions across the interface of bi-materials are prescribed. In Section 3, a set of simultaneous singular integral equations is deduced to model the mixed boundary value problem. The dynamic stress fields around crack tips are studied by an asymptotic analysis and the contact zone size near crack tips is estimated. In Section 4, the standard linear solid model of a viscoelastic material is studied numerically to show the effects of the viscoelastic material constants and the frequency of loading on the singularity and oscillation indices. Finally, some conclusions of interest are summarized in Section 5.
Statement of problem
Consider a crack of length 2a located at the interface between two dissimilar homogenous, isotropic and linearly viscoelastic bodies, as shown in Figure 1 . A Cartesian coordinate system is chosen in such a way that the x-axis is along the interface and the origin is located at the middle of the crack. The region, y > 0, is occupied by a viscoelastic material with the isochoric and dilatational complex moduli, G
